1. Introduction {#sec1}
===============

Stroke is a major cause of long-term disability and also the fifth leading cause of death in the United States of America.[@bib1] Literature says that, in-hospital mortality rate of ischemic stroke is 5--10% and in hemorrhagic type is 40--60%.[@bib2]^,^[@bib3] Elevated intracranial pressure (ICP), caused either by neurologic and non-neurologic conditions (such as head trauma or even idiopathic)[@bib4]^,^[@bib5]^,^[@bib6] can be dangerous. Thus, prediction and monitoring of ICP are recommended in stroke and in cases suspicious of having intracranial hypertension.[@bib7] Recent studies show that measurement of optic nerve sheath diameter (ONSD) (a membrane continuous with the dura mater) by ultrasound (US), is indirectly an indicator of ICP.[@bib8]

There is no consensus regarding the normal range of ONSD in healthy populations. In a study in china in 2015, ONSD of 519 healthy patients was measured and the mean ONSD was determined to be 5.1 mm (95% CI 4.7 to 5.4).[@bib9] In a systematic review in 2010, it was revealed that measuring ONSD by US had a sensitivity of 90% and specificity of 85% in detecting elevated ICP.[@bib8]

Significant elevation in ICP may be correlated with higher mortality rate after large acute ischemic stroke[@bib10](11). Any diagnostic method that leads to earlier detection of elevated ICP in this population of patients is quite valuable. US is fast, accessible and noninvasive and in emergency department (ED), physicians can easily perform it. By measuring ONSD physicains can estimate patient ICP indirectly.

There are few studies showing that ONSD was related with the infarction site, type and also mortality of patients in acute stroke.[@bib12]^,^[@bib13]

In addition, there are few studies evaluating the association between ONSD and stroke prognosis. By using an easily accessible bedside exam, we can predict prognosis in patients suffering stroke. In this study we decided to determine this relationship.

2. Methods {#sec2}
==========

This study was a prospective cohort study done on patients older than 18 years old, with acute (less than 48 h) presentations of stroke referring to the ED. Exclusion criteria were: unwillingness to participate in our study, discharge against medical advice, any previous history of having space occupying lesions, neurologic deficits due to previous cerebrovascular diseases.

This study was conducted in 2017 (during 6 months) in an ED of a tertiary referral center of Tehran University of Medical Sciences. The study was approved by the ethics committee of the university (ID:9411307021). Patients were interviewed and examined by emergency medicine (EM) chief resident (PGY3) on shift and all data were recorded. Acute stroke was initially diagnosed clinically (any acute presentations of neurologic deficit) and then confirmed by magnetic resonance imaging (MRI) (whether ischemic or hemorrhagic). The informed written consent was taken of all patients or their legal guardians and the whole process was explained to them. Our sampling method was convenience sampling. Seven chief EM residents passed one-month US training course under the supervision of EM attending (chief investigator) and they each performed 20 ocular US exams on healthy volunteers before the study.

After confirmation of their expertise in this field, EM chief residents performed ocular US exam (by Madison SonoAce X8 model) on all patients entered the study and ONSDs of both right and left eyes were measured in two conventional dimensions; transverse and vertical. Ocular ultrasound was performed within half hour of patients' admission time. Patients were examined in the supine position by a 10 MHz phased linear array probe with closed eyes. The structure of each eye was visualized and the optic nerve was aligned directly behind the probe. ONSD was measured perpendicular to the vertical axis of the scanning plane, 3 mm behind the papilla. The mean ONSD of both eyes was calculated. All measurements were done one more time by the chief investigator and he estimated the interrater reliability among residents to be 90%.

Patients were followed during the process of treatment and the results of MRI, type of stroke, patient\'s demographic data, patient\'s disposition, hospital length of stay, ward of admission, one-month mortality and morbidity rates and National Institute of Health Stroke Scoring Scale (NIHSS) were documented.

2.1. Primary and secondary outcomes {#sec2.1}
-----------------------------------

Our primary outcomes were to evaluate the relationship of 1-month stroke mortality with ONSD and also find the best cut-off point for predicting mortality. Our secondary outcomes were finding the relationship between mortality and patients\' demographic data, NIHSS score, hospital length of stay and ward of admission (patients' disposition).

2.2. Power estimation, data collection and primary analysis {#sec2.2}
-----------------------------------------------------------

We evaluated 87 patients in our study with acute presentations of stroke during a 6-month interval. Categorical data are expressed as number and frequency. Continuous data are presented as mean ± SD. We checked normality assumption with Shapiro--Wilk test.

Chi-square test, or Fisher\'s exact test was used for categorical variables. Student t-test was used for normally distributed continuous data. Receiver operating characteristic (ROC) analysis was used to determine the accuracy of ONSD in mortality prediction and we used Youden index in order to calculate the best cut-off point. The sensitivity and specificity were calculated with their 95% confidence intervals (CIs). A value of p \< 0.05 was accepted as statistically significant. Data were analyzed using SPSS v. 22 and Stata v.14.

Post-hoc power calculation was performed. By considering a sample size of 60 patients and 6 expired cases, post-hoc power was calculated to be 60%.

3. Results {#sec3}
==========

In this prospective study, 87 patients were evaluated. Twenty-seven cases had the exclusion criteria: eleven had brain mass and nine had previous neurologic disease (previous stroke). The diagnosis of acute stroke was not confirmed in seven cases by MRI. In the end, 60 patients were included in the final analysis in our study.

Patients' baseline and clinical characteristics are shown in [Table 1](#tbl1){ref-type="table"}.Table 1Baseline and clinical characteristics of patients.Table 1VariableAge (years old)69.67 ± 13.23Gender (N (%))Male33 (55%)Female27 (45%)Weight (kg)69.93 ± 8.91Hospital length of stay (day)4.73 ± 5.44NIHSS score9.17 ± 5.80Optic nerve sheath diameter (mean ± SD of both eyes) (mm)3.89 ± 0.59Type of stroke on MRI (N (%))Ischemic52 (87%)Hemorrhagic8 (13%)Prognosis (N (%))Deceased6 (10%)Survived54 (90%)

The mean length of stay at hospital was 4.73 ± 5.44 days. Only one person in our study was admitted to the intensive care unit and all other patients were admitted either to ED or neurology ward. The mean NIHSS score of patients was 9.17 ± 5.80. 52 patients had ischemic stroke and 8 patients had hemorrhagic stroke. Nineteen out of 52 patients were treated by fibrinolytic. Six patients deceased during hospital admission time and 54 survived patients were finally discharged from the hospital and none of them deceased during one month after discharge. The mean ONSD was 3.89 ± 0.59 mm.

The association of mortality with other secondary outcomes is shown in [Table 2](#tbl2){ref-type="table"}. Patients in the deceased group were older than the survived ones and their NIHSS score was also significantly higher. The mean ONSD in the deceased group was significantly more than the survived group. Patients with hemorrhagic stroke had significantly more mortality than ischemic type.Table 2Association factors of mortality in stroke.Table 2VariableDeceasedSurvivedP-valueGender (N (%))Male2 (33.3%)31 (57.4%)0.275Female4 (66.7%)23 (42.6%)Age (year old)80.33 ± 13.0368.48 ± 12.830.051Weight (kg)63.33 ± 6.0570.67 ± 8.910.284NIHSS score17.17 ± 9.158.28 ± 4.650.008Optic nerve sheath diameter (mean ± SD of both eyes) (mm)4.40 ± 0.643.83 ± 0.560.036Type pf stroke (N (%))Ischemic2 (33.3%)50 (92.5%)0.001Hemorrhagic4 (66.7%)4 (7.5%)Fibrinolytic receive (N (%))Yes0 (0%)19 (32%)0.998No6 (10%)35 (58%)

The ROC curve diagram of mean ONSD is shown in [Fig. 1](#fig1){ref-type="fig"}.Fig. 1ROC curve diagram of mean ONSD.Fig. 1

Area under curve (AUC) was 0.75 (95% CI = 0.63 to 0.86). Best cut-off value of ONSD was \>3.9 mm based on Youden index. By considering ONSD\>3.9, the odds ratio of mortality was estimated to be 7.3. Data are shown in [Table 3](#tbl3){ref-type="table"}.Table 3Accuracy indicator in different cut-off point and best cut-off point for ONSD.Table 3ONSD (mm)Sensitivity (95%CI)Specificity (95% CI)Positive predictive value (95% CI)Negative predictive value (95% CI)\>3.5583.3% (35.9 to 99.6)35.1% (22.7 to 49.4)12.5% (4.2 to 26.8)95.0% (75.1 to 99.9)\>3.983.3% (35.9 to 99.6)59.2% (45.0 to 72.4)18.5% (6.3 to 8.1)97.0% (84.2 to 99.9)\>3.9566.6% (22.3 to 95.7)64.8% (50.6 to 77.3)17.4% (5.0 to 38.8)94.6% (81.8 to 99.3)\>4.1566.6% (22.3 to 95.7)74.0% (60.3 to 85.0)22.2% (6.4 to 47.6)95.2% (83.8 to 99.4)\>4.2550.0% (11.8 to 88.2)75.9% (62.4 to 86.5)18.8% (4.0 to 45.6)93.2% (81.3 to 98.6)\>4.450.0% (11.8 to 88.2)88.8% (77.4 to 95.8)33.3% (7.5 to 70.1)94.1% (83.8 to 98.8)

4. Discussion {#sec4}
=============

Our study concluded that, ONSD measurement by US exam in acute stroke might be helpful in the prediction of death. In this study, we found that increased mean ONSD was related to the increased mortality rate (p-value = 0.036). Most of our deceased patients had hemorrhagic stroke (p-value = 0.001). NIHSS score in the deceased group was significantly higher than the survived one (p-value = 0.008).

ONSD assessment has long been introduced as an alternative means of detecting raised ICP. ONSD is directly linked to elevated ICP.[@bib8] US has a good validity in ONSD estimation.[@bib14]^,^[@bib15]^,^[@bib16] Significant rise in ICP is reported in large acute cerebral infarcts.[@bib10]^,^[@bib11] Dramatic increase in ICP is mostly followed by death in broad ischemic stroke.[@bib10]

There is no definite agreement on the normal range of ONSD in different populations.[@bib9]^,^[@bib17]^,^[@bib18]^,^[@bib19] Evidence shows that ocular US in the earliest phase of severe brain injury is quite useful.[@bib20]

Gökcen et al., in 2017, compared ONSD in patients with cerebrovascular disease with a control group. They revealed that, ONSD was significantly higher in the case group especially when the anterior circulation was involved (p\<0.001).[@bib12] They also reported that right ONSD had a significant predictive value in cerebrovascular diseases (AUC = 0.941, p \< 0.001). Optimal cut-off value was 5.4 mm with 75% sensitivity and 91% specificity. Left ONSD had also a significant predictive value (AUC = 0.922, p \< 0.001). Optimal cut-off value was 5.3 mm with 80% sensitivity and 84% specificity. We did not find such a significant cut-off value with good sensitivity and specificity.

Henda et al., in 2015, studied 86 patients with stroke and ocular US exam was performed on all of them on consecutive days. They determined a significant difference in ONSD between the deceased and survived groups. They reported that each 0.1 cm increase in ONSD increased the mortality rate 4.2 and 6.2 times in ischemic and hemorrhagic stroke respectively.[@bib13]

It seems that increase in ONSD is mostly seen in the acute phase of large and severe stroke. The present study comprehensively evaluated most variables involved in stroke prognosis. Further similar studies in this field are required to exactly find the correlation between mean ONSD and stroke prognosis.

4.1. Limitations of the study {#sec4.1}
-----------------------------

The sample size in this study might be insufficient to detect the exact validity of ONSD measurement by US and stroke prognosis. This was a pilot study performed during a 6-month interval. Further studies with larger sample sizes should therefore be performed to identify most reliable results.

5. Conclusion {#sec5}
=============

ONSD estimation can be a good noninvasive and fast exam in patients with massive stroke. Increased ONSD is directly related to the increased mortality rate in acute stroke.
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